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Abstract-Conventional antenna charging theory 
predicts that the net current drawn from plasma is 
proportional to the charge collecting area of the 
antenna. However, a quantitative relation between 
plasma process-induced oxide failure fraction and 
antenna ratio (AR) has not been found yet. In this 
paper, yield data of antenna testers have been 
correlated to the AR in a 0 . 1 8 ~  CMOS technology 
process. A model is built which fits the experiment 
data very well. Based on this model, yield loss data 
obtained on large AR test structures can be used to 
extrapolate the charging currents and yield loss of 
smaller AR structures which occur more often in 
real circuits. 
Keywords - , Plasma process-induced damage, 
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I. INTRODUCTION 
The antenna ratio (AR), defined as the ratio 
between the area of the antenna connected to the 
transistor and the active area of the latter, is an 
important parameter for plasma charging damage 
effects [l]. Design rules are commonly set in the 
semiconductor industry in order to limit the AR in 
the ICs [2]. 
In production, charging damage is usually 
monitored by drop-in or scribe-line charging- 
damage test structures. Normally, these test 
structures have larger AR than product ICs. The 
reason for using large AR testers is to increase the 
charging damage to a detectable level. However, in 
real IC manufacturing, the AR values of the 
products seldom exceed 1500 [3]. It makes no 
sense if one cannot use the results of the 
degradation of large AR testers to get information 
of the products with small AR. Therefore, an 
investigation was performed to extrapolate the 
degradation of small AR devices from large AR 
charging test structures. 
In order to extrapoliate the degradation figure of 
large AR testers to that of small AR devices, the 
relation between AI2 and plasma damage is 
required. Recent papers ([4],[5]) showed data 
suggesting a much weaker than proportional AR 
dependence on plasma damage. However, a model, 
that can quantitatively describe plasma damage 
dependence on AR, has not been found yet. In this 
paper, a model is proposed to describe the relation 
between the AR and the plasma damage. 
11. EXPERIMENTAL RESULTS 
A. Samples 
In our study, more than one hundred wafers have 
been subjected to an experimental 0.18pm CMOS 
backend-of-line process. The charging sensitive 
antenna testers of these wafers have been measured 
and analyzed. The charging tester consists of a 
PMOS transistor with a finger-shaped metal 2 
antenna connected to the gate. The antenna is not 
placed in the device active area. A protection diode 
is connected to metal 3, in order to protect the gate 
oxide from damage produced by plasma process 
steps following the metal 2 step. The gate oxide 
thickness of the tester is 35 A. The antenna ratio 
varies from 1000 to 50000. The leakage current 
failure fraction is mleasured as an indication of the 
charging level. 
B. Experimental detizils 
Figure 1 depicts the leakage current failure fraction 
of the antenna testers as function of the antenna 
ratio. It's evident that the increase of the failure 
fraction with the antenna ratio is nonlinear. 
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transistor (without antenna) has been reported in the 
plot for comparison. 
111. MODELING 
,In this section, a theoretical model is proposed to 
explain the experiment results. 
A. Relation between the charging current and 
antenna ratio 
The FN current (Z) injected into the gate oxide of 
the tester during the plasma process, increases with 
AR[6].  If the AR increases by a factor of ‘y, how 
much will the FN current going through the gate 
oxide increase? 
As shown in [5], the charge injected into the oxide 
during the plasma process can be expressed as: 
. 
1 - 
Q = It = Q6,,[-h(l -F)]’, (1) 
where Q6,, is the charge flown through the oxide 
inducing failure in 1 - e-’ s 63% devices and F is 
the charging damage induced failure fraction. 
We define here Il and I2 as the FN currents flowing 
in the gate oxide of the tester with antenna ratios, 
respectively, ARl and AR2. The ratio a between Il 
and 12. can be then expressed as 
where FI and F2 are the failure fraction of devices 
with antenna ratio ARI and AR2 respectively, p is 
the Weibull slope of the distribution, and t is the 
plasma process time. 
In the above argument we have assumed that the 
Q6,, was independent of the stress current I. 
However, in reality this is not the case. The 
dependence of the current I can be adequately 
described by 
Q63% = KOr-K’ 9 ( 3 )  
where the parameters KO and K, depend on t ,  
(gate oxide thickness) and can be defined from a 
separate experiment[S]. The inclusion of the 
Q6,% current dependence results in a modified 
equation (2): 
1 
ln(1- F, ) ( 1 + 4  )P  
a’=[ ln(1- Fl ) ] . (4) 
Consequently, the corrected a’ will be smaller 
than a. 
From the experiment data presented in Table 1, it 
is observed that when the antenna ratio increases 
by 10 times, the tunneling current through the gate 
oxide increases by an almost constant value, 
independently of the AR. 
An assumption is now made based on the 
experimental data. Let us define AR,,  AR,, 
AR, ,. . ., ARk , as one series of antenna ratios with 
AR, e AR, (i e j), and I], I, ,I3 ,...,I, as the 
corresponding charging current series. Increasing 
the AR by a factor of ‘y, results in an increase of 
the current by a constant factor of a’. a’ is only 
determined by the antenna material and plasma 
process. 
From 
- y ,... (5) 
follows 
Ik - --a . .... (6)  1, ‘ I -=a , >=a’, ..., 
4 1 2  ‘k-I 
By equation (5 ) ,  we get 
17 
(7) By substituting equations (1) and (3) into equation 
(1 7), the following equation can be obtained 
AR, = yk-"AR1 
and 
ARk (k-1)lny = ln-. 
4 
Hence 
(9) 
By equation (6), we also get 
(10) 
t (k-1) Ik  =a I,.  
Then by substituting equation (9) into equation 
(1 0), the following equation can be obtained 
1 - 
Defining B = equation (1 1) can be rewritten 
as 
Defining 
C=I,[--g 
and 
equation ( 12) can be rewritten as 
Since k is an arbitrary index, equation (15) can be 
written in general as 
Equation (16) shows that the relation between the 
charging current and antenna ratio is a power law 
function. In this function, C and Aare constants 
(A depends on the antenna material and plasma 
process). Also the data presented in [7], [SI suggest 
a similar power law function between charging 
current and AR. 
A=lnB ,  (14) 
I, = c ( A R , ) ~ .  (1 5 )  
I = C(AR)IZ. (16) 
B. Relation between yield loss and antenna ratio 
The yield loss (failure fiaction) due to the plasma 
damage can be expressed as - 
F = 1 - e x p -  [ [.io -- 1 I p ( K 1 + l ) ] .  (18) 
By equations ( 16) and ( 18), we obtain 
Defining 
equation (1 9) becomes 
In this function, D is a constant that depends on the 
gate oxide thickness, the plasma process and the 
antenna material. 1) and n can be obtained by 
fitting the experimental results of charging testers 
with a series AR structures. In this experiment, 
n G 0,46 and D z (3,001. 
- h(1- F )  = D(AR)" . (22) 
Figure 2 shows that the model fits the measured 
data very well. The: failure fraction at small AR 
values can be extrapolated by using the proposed 
model. It is very useful for circuit designers. For 
instance, when AR (equals 100, we predict a 0.9% 
failure fraction, that is still sensibly high. 
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Figure 2: The simulated and measured failure 
fraction as function of antenna ratio (AR). 
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Furthermore, the yield loss data of finger antenna 
testers from other published literature ([2] and [SI) 
can also be fitted by using our model, as shown in 
Figure 3. 
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Figure 3: Analysis of yield loss data taken from 
literature[2]. The analysis of the data from [9] gives 
similar results that are not present here again. 
All the yield loss data come from finger antenna 
testers. The analysis of the data of block antenna 
from [2] shows that the yield loss of block antenna 
doesn’t follow this model. The reason probably is 
that finger antenna and block antenna structures 
have different plasma charging mechanisms. 
Electron shading effect is a dominant plasma 
damage mechanism with finger antenna structures 
but not with block antenna structures. 
In addition, the plasma enhanced dielectric 
deposition was identified as the root cause of 
charging damage. The yield loss data from [2] is 
also due to plasma deposition charging [lo]. It’s 
not clear that whether our model can fit the plasma 
damage by other plasma process. 
IV. DISCUSSION AND CONCLUSIONS 
In this paper, based on our experimental results, a 
model has been proposed to quantitatively 
correlate yield loss to AR. It has been shown that 
this model fits very well the experimental results 
when finger-shaped antennas are used. By using 
this model, one can predict the plasma process 
induced failure fraction as function of antenna 
ratio. The failure fraction data obtained on large 
AR antenna test structures can be extrapolated to 
the failure fraction of smaller AR structures based 
on this model. 
The IC consists of a number of transistors with 
different AR. It will fail as soon as one transistor 
fails. We define here that the failed fraction of one 
transistor with antenna ratio ARk as FmP which can 
be calculated by equation (22). The yield of one 
transistor is then (1 - FAR). Now the yield (Y,) of the 
whole IC can be calculated by using equation (23) 
k=l 
where p is total number of the transistors. 
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